Ser315Thr mutations in genes encoding the mycobacteria catalase-peroxidase (KatG) has been associated with the major resistance to isoniazid (INH) in Mycobacterium tuberculosis (MTB). Also G/C polymorphisms in INT4 region of the solute carrier family 11 member 1 gene (SLC11A1) and susceptibility towards tuberculosis (TB) has been demonstrated worldwide. 24 drug resistant MTB culture positive samples and 24 whole-blood samples were collected from different TB patients of Central Development Region of Nepal in 2009. A Polymerase Chain Reaction (PCR) -Restriction Fragment Length Polymorphism (RFLP) assay was carried out in order to investigate Ser315Thr KatG mutation and G/C polymorphism in INT4 region. 4 (16.67%) samples out of 24 MTB culture samples demonstrated the Ser315Thr KatG mutation whereas none of the 24 whole blood samples were found to contain G/C polymorphism in INT4. Though no significant correlation could be found between INT4 polymorphism and TB susceptibility, overall scenario of Nepal cannot be drawn from this data. Molecular diagnostic technique such as PCR-RFLP can be used in a robust scale to carry out base line studies in the TB population of Nepal.
Introduction
During the last decades, incidence of tuberculosis (TB) has increased in many countries and more people have the disease now than at any other time in history. It is estimated that TB still kills more people globally than any other infection (WHO, 2009) . The situation has worsened by the emergence of antibiotic-resistant strains of Mycobacterium tuberculosis (MTB) (Musser, 1995) . The strains resistant to the two most important anti-TB drugs, rifampin (RIF) and isoniazid (INH) are commonly defined as multidrug resistant (MDR). Drug resistance in M. tuberculosis is attributed primarily to the accumulation of mutations in the drug target genes; these mutations either leading to an altered target or to an alternation in effective titration of the drug (Rattan et al., 1998) .
In 2008, there were an estimated 8.9-9.9 million incident cases of TB, 9.6-13.3 million prevalent cases of TB (WHO, 2009 ) and 390,000-510,000 cases of MDRTB (WHO, 2010) . Among the incident TB cases globally, 3.6% (95% confidence interval (CI): 3.0-4.4) are estimated to have MDR-TB. Almost 50% of MDR-TB cases worldwide are estimated to occur in China and India. In 2008, MDR-TB caused an estimated death of 150,000 people across the globe (WHO, 2010) .
WHO estimated the prevalence of all types of tuberculosis cases for Nepal to be 67,546 (240/100,000). The proportion of MDR-TB in Nepal was 2.9% (95% CI: 1.8-4.3) among new cases and 11.7% (95% CI: 7.2-17.7) among retreatment cases (NTC, 2009) .
In 2009, with the assistance of WHO, National TB Center in collaboration with National Anti-Tuberculosis Association (NATA) and German Nepal Tuberculosis Project (GENTUP) had conducted a surveillance of extremely drug-resistant tuberculosis (XDR-TB) among the registered MDR TB patients. The study showed a prevalence of 5% of XDR-TB cases among MDR TB cases registered (NTC, 2009 (Rattan et al., 1998) . It is a prodrug that requires activation by the MTB catalaseperoxidase enzyme (KatG) to its active form. Mutation of the KatG gene, which leads to loss of or reduced catalase-peroxidase activity, is a major mechanism of INH resistance in MTB (Musser, 1995) . Although various mutations in the KatG gene have been reported in INH-resistant isolates, the most common mutation is the Ser315Thr mutation, which is present in approximately 50-90% of all INH-resistant isolates, is associated with relatively high-level resistance to INH (Mokrousov et al., 2002) .
More than one-third of the global population is infected with MTB. However, only 10% develop the clinical disease. Many factors contribute to the immune response against tuberculosis. The solute carrier family 11 member 1 gene (SLC11A1, formerly known as NRAMP1: natural resistance associated macrophage protein 1) is one of the candidate genes for susceptibility to human tuberculosis (Takahashi et al., 2008) . The gene is located on human chromosome 2q35 and has 15 exons spanning about 14 kb (Marquet et al., 2000) . (Goswami et al., 2001) . Studies have demonstrated an association between three different polymorphisms (INT4, D543N and 3'UTR) in SLC11A1 and pulmonary TB (Taype et al., 2006) .
In the present study, Ser315Thr KatG mutation in the MDR-TB culture samples and G/C polymorphisms in INT4 region of SLC11A1 of TB patients were studied using Polymerase Chain Reaction (PCR) -Restriction Fragment Length Polymorphism (RFLP) technique.
Materials and Methods
Study samples. 24 MTB Culture (all AFB stain positive) samples were obtained from GENTUP, Kathmandu. The cultured samples comprised of both pulmonary and extra-pulmonary origin. Drug Susceptibility Testing was also carried out in GENTUP and all of the 24 samples were graded as MDR-TB. 24 whole blood samples of MDR-TB patients were also obtained for SLC11A1 analysis. The samples were collected from the Central Development Region of Nepal. However, we were unable to obtain the clinical history of the test subjects. Further molecular analysis was carried out in a BSL-III laboratory at Genetics Nepal Pvt. Ltd., Lalitpur, Nepal.
Genomic DNA isolation of M. tuberculosis. DNA isolation from cultured samples was done using SORPO clean™ Genomic DNA extraction kit. A loop full of bacterial colonies from the culture samples were suspended in 200µl of sterile water. A spin column extraction was carried out as prescribed by the manufacturer.
Human genomic DNA isolation. The whole-blood samples from human test subjects were collected in EDTA coated vial and immediately centrifuged at 5000rpm/5min. Plasma was separated and 200µl of whole-blood was taken as sample for further processing. SORPO clean™ Genomic DNA extraction kit was used for genomic DNA isolation. All the other steps were same as described above. H37Rv was taken as the reference strain for this study.
PCR-RFLP assay was designed to detect the KatG codon mutation AGC(Ser) à ACC(Thr), which leads to the INH resistant phenotype. This mutation creates an additional MspI site (CCGG) and thus can be detected by use of this restriction endonuclease. As a result, the longest fragment size in the wild type KatG product would be 153 bp and in Ser315Thr KatG mutant the longest fragment would be 132 bp which could be easily resolved in a 2% agarose gel while the shorter bands (21 bp -8 bp) cannot be resolved in the gel (Figure 2 ).
Similarly, 514 bp of INT4 region of SLC11A1 gene was amplified using primers INT4F and INT4R (Taype et al., 2006) (Table 1) . A 25µl of a PCR mixture (0.4 μM of each primers, 2.5mM of dNTP mix, 1U of recombinant Taq DNA polymerase and 2.5 mM of MgCl 2 ) was prepared and the reaction was carried out under the following condition: initial denaturation at 95⁰C for 5 min; 30 cycles of 94⁰C for 1 min, 61°C for 1 min and 72⁰C for 1 min; and a final elongation at 72⁰C for 4 min. The amplified fragment was assessed by electrophoresis in a 2% agarose gel. To analyze the G/C polymorphisms in INT4, the amplified products were cleaved with restriction enzyme ApaI (Fermentas ® ) as per the instructions of the manufacturer. The restriction fragments obtained were electrophoresed in a 2% agarose gel and were visualized under UV light on a transilluminator.
Results:
Genomic DNA visualization: All the extracted DNA samples displayed a positive band when they were electrophoresed in 0.8% agarose gel. (Figure 3 and 4) PCR-RFLP analysis: All the 24 MTB DNA samples were observed to have a positive amplification for KatG gene fragment. An amplicon of 200 bp size were observed in a 2% agarose gel ( Figure 5 ). In the electrophoresis of the KatG amplified product digested with MspI, 4 (samples 015, 016, 020 and 024) out of 24 samples were obtained at 132 bp region indicating the occurrence of Ser315Thr mutation whereas rest of the 20 samples were obtained at 153 bp region indication no Ser315Thr mutation ( Figure 6 ). Gel picture of samples 015 and 016 are not shown.
All the 24 human DNA samples from whole blood had a positive amplification at 514 bp region for INT4 ( Figure  7 ). When these amplicons were subjected to ApaI digestion, all of the 24 samples were observed at 514 bp region indicating no G/C polymorphisms in INT4 region of SLC11A1 (Figure 8 ).
Discussion
South Asia holds around 40% of the global TB burden and Nepal has no different scenario. The Millennium Development Goal (MDG) aims to eliminate TB as a public health problem (1 case per million population) by 2050. Nepal has made satisfactory progress towards MDG. However, the challenges to address the growing burden of TB and MDR-TB population are yet far away. Nepal still lacks the health care facilities and access to modern diagnostic technologies is very poor in the area (Basnet et al., 2009) . Although Directly Observed Treatment, Short-course (DOTS) strategy has significantly contributed towards the treatment of TB, a lack of rapid and sensitive rapid and sensitive methods of detection is a major hindrance to the ongoing battle against the disease.
AFB microscopy is the primary screening tool for TB and culture of mycobacteria is still regarded as the "gold standard" in TB diagnosis. But these days new sensitivity and specificity.
The present study looks at the resistance in the KatG Ser315Thr towards a popular anti-TB drug isoniazid. This is just one among many possible mutations in KatG accounting for INH resistance. 4 (16.67%) samples molecular diagnostic tools are promoted globally mostly in the detection of MTB, drug monitoring and in MDR-TB diagnosis (Pai et al., 2006) . This is due to many advantages of molecular genomic tools over conventional diagnostic methods that lack the speed, out of 24 MTB culture samples demonstrated Ser315Thr KatG mutation (i.e. these samples were INH resistant). It indicates that there could possibly be significantly high anti-TB drug resistant population if screened in a larger population. One of the drawbacks of this study is that other mutation in various genes (InhA, OxyR, AhpC) that contributes to the INH resistance were not studied. Studies have reported that even if there is Ser315Ther KatG mutation, it does not necessarily account to INH resistance and have an overall high level of catalase activity (Guo et al., 2006) . Both the catalase activity and drug sensitivity information could not be obtained.
The association between SLC11A1 polymorphisms and susceptibility to tuberculosis has been described in many studies, which showed positive association in some, while no association in others (Takahashi et al., 2008) . A study showed that NRAMP1 polymorphisms may be associated with progression to severe forms of pulmonary tuberculosis rather than with susceptibility to M. tuberculosis infection (Zhang et al., 2005) . All the INT4 amplicons when subjected to ApaI digestion, bands of 514 bp were observed. If the INT4 region had G/C polymorphisms then restriction site(s) would have been additionally created and the RFLP bands of <500 bp size would have been observed. This indicates that no G/C polymorphism was present in the amplified Figure 9 . Table 3 . Relationship MDR-TB and G/C polymorphism in INT4 region of SLC11A1 to our study as no base-line study on MTB strain genotyping has been conducted for Nepalese MTB isolates till date.
Conclusion
The findings in this study suggests that still more people could be properly diagnosed for the actual drug resistance mutations utilizing molecular genomic diagnostic tools. Further study with a greater number of MDR-TB patients is needed to get the actual scenario of TB population of Nepal.
